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BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to an inspection 
device and method, and particularly to a device and method 
15 for inspecting photomasks and products fabricated using 
the same. 

2 . Description of the Related Art 

As part of the advancing miniaturization of large- 
scale integrated circuits (LSI) , recently the degree of 
20 precision is increasing not only for patterned wafers, but 
also for the photomasks such as reticles that are used 
when manufacturing LSI chips . This leads to a demand for a 
i more sensitive inspection device that can detect smaller 

j defects on a photomask or fabricated wafer. 

25 FIG. 12 is a block diagram that shows a 

conventional inspection device. The inspection device 100 
compares the actual pattern of, for example, a photomask 
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110 with its source design data that was used when drawing 
the actual pattern (the process known as die-to-database 
inspection) . In this case, the inspection device 100 is 
formed from the following elements: (a) a reference data 
5 generator 101 that, based on design data, generates 
reference data that is to be used for the inspection; (b) 
an inspection condition setter 102 for setting inspection 
conditions; (c) an image acquiring unit 103 for acquiring 
as image data the actual pattern of the photomask 110 that 

10 is to be inspected; (d) image converters 104 and 105 for 
converting the reference data and the acquired pattern 
data into images for the purpose of comparison; (e) a 
comparator 106 for comparing the reference data with the 
data to be inspected and detecting defects; (f) a defect 

15 memory 107 for recording the detected defects; and (g) an 
inspection/drive controller 108 for driving a stage 108a 
on which the photomask 110 is mounted as the subject of 
the inspection, and for controlling the entire inspection 
device 100 . 

20 The inspection device 100 operates as follows. 

When design data is supplied, the reference data generator 
101 produces reference data that is in a format suitable 
for inspection. Then, inspection begins after the 

inspection condition setter 102 inputs such settings as 

25 inspection sensitivity. First, the reference data is 
converted into an image by the image converter 104 and 
input to the comparator 106. At the same time, the actual 
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pattern of the photomask 110, which has been acquired by 
the image acquiring unit 103, is sent to the image 
converter 105 as the data to be inspected, where it is 
converted into an image and input to the comparator 106. 
5 The comparator 106 refers to the inspection sensitivity 
that was set by the inspection condition setter 102, 
compares the two images, and determines whether there are 
any defects in the photomask image. Next, in the case that 
defects are detected, they are recorded in the defect 

10 memory 107. The inspection/drive controller 108 inspects 
the entire area of the photomask 110 by scanning the stage 
108a. In this way, the conventional inspection device 100 
compares the actual pattern data with the reference data 
and detects differences as defects . 

15 However, the conventional inspection device 100 

has a problem in that when sensitivity is raised, it 
mistakenly generates a false defect even if that location 
is not a defect. Also, depending on the location of the 
photomask defect, some defects do not affect performance 

20 or characteristics of the products fabricated with the 
photomask. Such labor as the repair of defects that are 
not problematic is in itself a problem. 

SUMMARY OF THE INVENTION 
25 In view of the foregoing, it is an object of the 

present invention to provide an inspection device capable 
of reducing the time from inspection to repair . 
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It is another object of the present invention to 
provide an inspection method capable of reducing the time 
from inspection to repair. 

To accomplish the first object, according to the 
5 present invention, there is provided an inspection device 
that identifies defects on a subject of inspection 
including photomasks or products fabricated using 
photomasks . This inspection device has the following 
elements : (a) a reference data generator that generates 

10 reference data that is based on design data and includes 
sensitivity class codes that are used to differentiate 
designated pattern functions by means of inspection 
sensitivity; (b) an inspection sensitivity setter that 
allocates desired inspection sensitivities to the 

15 sensitivity class codes; (c) an image acquiring unit that 
photographs the subject of the inspection and generates 
the data to be inspected; (d) a comparator that compares 
the data to be inspected with the reference data and 
detects a defect; (e) a reference data extractor that 

2 0 extracts a region of the reference data that corresponds 
to where the detected defect exists; (f) a defect 
registration determinator that refers to the sensitivity 
class codes in the region and determines whether to 
register the defect; and (g) a defect memory that records 

25 the defect for which registration has been determined. 

Additionally to accomplish the second object 
stated above, according to the present invention, there is 
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provided an inspection method to identify defects on a 
subject of inspection including photomasks or products 
fabricated using photomasks. This inspection method (a) 
generates reference data that is based on design data and 
5 includes sensitivity class codes that are used to 
differentiate designated pattern functions by means of 
inspection sensitivity; (b) allocates desired inspection 
sensitivities to the sensitivity class codes; (c) 
photographs the subject of the inspection and generates 

10 data to be inspected; (d) compares the data to be 
inspected with the reference data and detects a defect; 
(e) extracts a region of the reference data that 
corresponds to where the detected defect exists; (f) 
determines whether to register the defect, by referencing 

15 the sensitivity class codes of the pattern functions in 
the extracted region; and (g) records the defect for which 
registration has been determined. 

The above and other objects, features and 
advantages of the present invention will become apparent 

2 0 from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
2 5 FIG. 1 is a block diagram that shows the concept 

of an inspection device according to the invention. 

FIG. 2 is a flow chart that shows the concept of 
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an inspection method according to the present invention. 

FIG. 3 is a block diagram that shows an embodiment 
of an inspection device according to the invention. 

FIG. 4 shows one region of the reference data. 
5 FIG. 5 shows examples of detected defects. 

FIG. 6 describes a method of calculating a defect 
pattern area. 

FIG. 7 shows reference data blocks. 

FIG. 8 describes a method of creating defect 
10 determination ranges. 

FIG. 9 shows a combination of defect determination 
ranges and a defect pattern area . 

FIG. 10 shows a combination of the defects shown 
in FIG. 5 and the defect determination ranges and pattern 
15 functions shown in FIG. 8. 

FIG. 11 is a flowchart that shows an inspection 
method according to an embodiment of the present invention. 

FIG. 12 is a block diagram that shows a 
conventional inspection device. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention 
will be described below with reference to the accompanying 
drawings . 

2 5 FIG. 1 is a block diagram that shows the concept 

of an inspection device according to the invention. This 
inspection device 10 identifies defects on the subject of 
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inspection including photomasks or products fabricated 
using photomasks . Photomasks include reticles used with 
lithography equipment (known as steppers) for producing 
semiconductor chips and other microelectronic devices . The 
5 products that can be tested with the proposed inspection 
device 10 include wafers, substrates/ circuit boards, and 
other devices on which patterns are formed- All those 
things can be the subject of the inspection according to 
the present invention, although in actual implementations 

10 inspection devices may be designed for a particular type 
of photomasks or products. 

According to the present invention, the inspection 
device 10 is made up of : (a) a reference data generator 11 
that generates reference data that is based on design data 

15 and includes sensitivity class codes that are used to 
differentiate pattern functions by means of inspection 
sensitivity; (b) an inspection sensitivity setter 12 that 
allocates desired inspection sensitivities to the 
sensitivity class codes; (c) an image acquiring unit 13 

2 0 that photographs a subject 20 and generates data to be 
inspected; (d) a comparator 14 that compares the data to 
be inspected with the reference data and detects a defect; 
(e) a reference data extractor 15 that extracts a region 
of the reference data that corresponds to where the 

25 detected defect exists; (f) a defect registration 

de terminator 16 that refers to the extracted reference 
data' s sensitivity class code and determines whether to 
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register the defect; and (g) a defect memory 17 that 
records a defect. 

The reference data generator 11 generates 
reference data that is based on design data and to which 
5 it appends a sensitivity class code for each designated 
pattern function. The term "pattern function" refers to 
the specific function (such as signal lines or power 
lines) that each pattern feature is supposed to serve. 
Sensitivity class codes are used to differentiate pattern 

10 functions by means of inspection sensitivity. For example, 
sensitivity class code "1" is assigned to signal lines, 
and "2" to power lines. In addition to numbers, characters 
or symbols or any combination of them can be used as 
sensitivity class codes to differentiate pattern functions . 

15 The inspection sensitivity setter 12 allocates the desired 
inspection sensitivities to the sensitivity class codes, 
for example, inspection sensitivity 0.5 pm to the pattern 
function having sensitivity class code "1," and 1.0 pm to 
the pattern function having sensitivity class code "2." As 

20 will be described later, the values of inspection 
sensitivity denote, for example, the minimum size of 
pattern defects that will be detected if present. In other 
words, each inspection sensitivity value gives a threshold 
for defect detection. 

2 5 The image acquiring unit 13 photographs the 

subject 20 of the inspection, and generates data to be 
inspected. The comparator 14 compares the data to be 
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inspected and the reference data generated by the 
reference data generator 11, and detects defects from the 
differences . In this case if a plurality of pattern 
functions having different sensitivity class codes exist 
5 in the current inspection region, it references the 
inspection sensitivities that have been allocated to their 
sensitivity class codes, and inspects using the smallest 
inspection sensitivity threshold to detect defects . 

The reference data extractor 15 extracts from the 

10 reference data the area that corresponds to the location 
wherein exists the defect that was detected by the 
comparator 14. In the extracted region of the reference 
data, the defect registration determinator 16 determines 
to which pattern function the defect belongs. It then 

15 references both the sensitivity class code for the pattern 
function and the inspection sensitivity that has been 
allocated to it, and determines whether to register the 
defect as a real defect. For example, it will register a 
defect that is greater than or equal to the inspection 

2 0 sensitivity threshold and will not register one that is 
less . If a defect covers a plurality of pattern functions 
that have different sensitivity class codes, the pattern 
function having the highest inspection sensitivity will 
have priority. Details are described later. The defect 

25 memory 17 records a defect for which registration has been 
determined. 

The operation of the inspection device 10 is as 
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follows. When design data corresponding to the subject 20 
that is to be inspected is input to the reference data 
generator 11, it generates reference data to which it 
appends a sensitivity class code for each design data 
5 pattern function. Next, it allocates an inspection 
sensitivity to each sensitivity class code with the 
inspection sensitivity setter 12 . The actual pattern image 
of the subject 20 of the inspection is input, as the data 
to be inspected, into the inspection device 10 by the 

10 image acquiring unit 13. The input data is compared with 
the reference data by the comparator 14 to determine 
whether a defect exists. At this point, if a defect is 
detected, the reference data extractor 15 extracts the 
region in the reference data that corresponds to the 

15 defect location. In the extracted region of the reference 
data, with the defect registration determinator 16 it 
determines to which pattern function the defect belongs. 
It then references both the sensitivity class code for the 
pattern function and the inspection sensitivity that is 

20 allocated to it, and determines whether to register the 
defect as a true defect that must be repaired. The defect 
for which registration has been determined is stored in 
the defect memory 17 . 

FIG. 2 is a flow chart that shows the concept of 

25 an inspection method of the present invention. The method 
proceeds according to the following steps : 
SI : Generate reference data 
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The reference data generator 11 generates 
reference data that is based on design data and to 
which it appends a sensitivity class code for each 
pattern function. 
5 S2 : Set inspection sensitivity 

The inspection sensitivity setter 12 
allocates a desired inspection sensitivity to each 
sensitivity class code in the reference data. 
S3: Photograph subject of inspection and generate data to 
10 be inspected 

The image acquiring unit 13 photographs the 
subject of inspection , and generates data to be 
inspected . 

S4 : Compare reference data with data to be inspected 
15 The comparator 14 compares the reference data 

and the data to be inspected, and detects defects 
from the differences . 
S5 : Determine whether a defect has been detected 

If in Step S4 a defect is detected during the 
20 comparison , the process proceeds to Step S6. If no 

defect is detected, the process is terminated. 
S6: Extract region in reference data that corresponds to 
defect location 

The reference data extractor 15 extracts the 
25 region in the reference data that corresponds to the 

location of the defect detected by the comparator 14 . 
S7 : Determine whether to register the defect 
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In the region extracted in Step S6, the 
defect registration de terminator 16 determines to 
which pattern function the defect belongs . Then it 
references both the sensitivity class code for the 
5 pattern function and the inspection sensitivity that 

is allocated to it, and determines whether to 
register the defect as a real defect. If the decision 
is to register the defect , the process proceeds to 
Step 8; if it is to not register, the process is 
1 0 terminated . 

S8 : Record defect 

The defect for which registration has been 
determined in Step S7 is stored in the defect memory 
17. 

15 According to the above, it is possible to 

differentiate pattern functions by providing a sensitivity 
class code for each pattern function in the reference data. 
It is also possible to limit the registration of defects 
that do not affect performance by setting desired 

20 inspection sensitivities for the sensitivity class codes 
and making the defect registration decision based on the 
inspection sensitivities. Doing this eliminates the time 
needed to repair defects that do not affect performance, 
which makes it possible to reduce the total time from 

25 inspection to repair. 

Following is a detailed description of an 
embodiment of an inspection device and method according to 
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the invention. 

FIG. 3 is a block diagram that shows an embodiment 
of an inspection device according to the invention. The 
inspection device 30 is made up of: (a) a reference data 
5 generator 31 that generates reference data that is based 
on design data and includes sensitivity class codes that 
are used to differentiate designated pattern functions by 
means of inspection sensitivity; (b) an inspection 
sensitivity setter 32 that allocates user-input inspection 

10 sensitivities for sensitivity class codes; (c) an image 
acquiring unit 33 that photographs a subject 50 of the 
inspection, and generates data to be inspected; (d) a 
first image converter 34 that converts the reference data 
into an image; (e) a second image converter 35 that 

15 converts the data to be inspected into an image; (f) a 
comparator 36 that compares the image processed data to be 
inspected and reference data, and detects a defect; (g) a 
reference, data extractor 37 that extracts a part of the 
reference data that corresponds to where the detected 

2 0 defect exists (called "reference data block" below) ; (h) a 
defect registration determinator 38 that refers to the 
sensitivity class codes in the reference data block and 
determines whether to register a defect; (i) a defect 
memory 39 that records the defect; and (j) an 

25 inspection/drive controller 40 that drives a stage 40a on 
which the subject 50 is to be mounted, and controls all of 
the inspection device 30 . 
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The reference data generator 31 generates 
reference data that includes sensitivity class codes that 
are used to differentiate designated pattern functions by- 
means of inspection sensitivity. Pattern function types 
5 include, among others , clock signal lines, address signal 
lines, data input-output signal lines, control signal 
lines, and power supply lines. It appends sensitivity 
class codes to these data by means of characters, numbers, 
symbols , or other forms . The reference data format will be 

10 described later. 

The inspection sensitivity setter 32 allocates the 
desired inspection sensitivity to each sensitivity class 
code. In this case it is preferred to allocate the highest 
inspection sensitivity to the clock signal lines , the 

15 lowest inspection sensitivity to the power supply lines, 
and some appropriate inspection sensitivity level equally 
to the other signal lines. For example, the inspection 
sensitivity setter 32 gives an inspection threshold value 
of 1 pm to sensitivity class code "2" for inspection of 

20 power lines, and a smaller threshold value of 0.5 jam to 
sensitivity class code "1" for inspection of signal lines. 
(Note that a smaller threshold value means a higher 
sensitivity. ) 

The image acquiring unit 33 photographs the 
25 subject 50 (e.g., photomask or patterned wafer) and 
generates data to be inspected. Here the image acquiring 
unit 33 is made up of, among other items, a sensor such as 
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a charge -coupled device (CCD) that converts light into an 
electronic signal and a signal processor that processes 
the photographed actual pattern as digital data to be 
inspected (none shown in the diagram) . The first and 
5 second image converters 34 and 35 have functionality of 
image conversion as a preprocess for comparison between 
the actual pattern data and the reference data. They have 
been omitted from FIG. 1 for simplicity of explanation. 

The comparator 36 compares the converted images of 

10 the reference data and the data to be inspected and 
determines whether a defect exists in the subject 50. The 
reference data extractor 37 extracts a reference data 
block for the region to which the defect detected by the 
comparator 36 belongs. The defect registration 

15 determinator 38 creates defect determination ranges in the 
extracted reference data block that are a prescribed 
amount larger than the features of the pattern functions 
to which sensitivity class codes have been appended. It 
then lays them over the regions in which defects have been 

2 0 detected (called "defect pattern areas 11 below) and makes 
the defect registration decision according to the 
inspection sensitivity. The defect memory 39 records the 
defect that the defect registration determinator 38 
decided to register. 

25 The inspection/drive controller 40 controls, among 

other things, scan control of the stage 40a on which the 
subject 50 is mounted, and, although control signal lines 
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are not shown in FIG. 3, the entire inspection device 30. 
The inspection/drive controller 40 has been omitted from 
FIG. 1 for simplicity of explanation. 

A description of the operation of the inspection 
5 device 30 follows. Suppose, for example , that design data 
for a subject 50 to be inspected , such as a photomask or a 
wafer that is mounted on the stage 40a, is input from a 
database or other source (not shown in the diagram) to the 
reference data generator 31 of the inspection device 30 . 

10 Then, based on the given design data, the reference data 
generator 31 generates reference data in a format that is 
appropriate for inspection. In the reference data, for 
each pattern function in the design data, a sensitivity 
class code is appended in order to differentiate according 

15 to sensitivity levels. The case in which numbers are used 
for sensitivity class codes will be described below. In 
this case sensitivity class codes will be called 
"sensitivity class numbers." 

FIG. 4 shows one region of the reference data. 

20 Conventional reference data do not differentiate pattern 
functions. Conversely, for example as in FIG. 4, within 
the reference data block 60 that is one region of the 
reference data, the present embodiment of the invention 
differentiates them from one another by appending 

25 sensitivity class number "1" to the signal line 61, and 
sensitivity class number "2" to the power supply line 62. 

Next, the inspection sensitivity setter 32 
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allocates inspection sensitivities to the sensitivity 
class numbers that have been appended to each pattern 
function. For example , when setting inspection conditions, 
a user could input the inspection sensitivities required 
5 for each pattern function. The inspection sensitivity 
setter 32 will then allocate the input inspection 
sensitivities to the sensitivity class numbers . 

On the other hand, the subject 50 to be inspected 
is mounted on the stage 40a. Under control of the 
10 inspection/drive controller 40, the stage is scanned and 
the patterns in a designated location on the subject 50 
are photographed by the image acquiring unit 33 . Then 
image processing converts them into digital data to be 
inspected. 

15 Next the first and second image converters 34 and 

35 convert respectively the reference data and the data to 
be inspected into image form, and the comparator 36 
compares the resulting image data. When comparing, it 
references the inspection sensitivities set by the 

20 inspection sensitivity setter 32. If, for example as in 
FIG. 4, pattern functions having differing sensitivity 
class numbers exist in the reference data block 60, it 
will detect defects using the smallest inspection 
threshold. 

25 FIG. 5 shows examples of detected defects. This 

is what the comparator 36 has found on the surface of the 
subject 50 being inspected (in this case a reticle) in the 
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reference data block 60 shown in FIG. 4. These defects 
include pinholes Phi , Ph2 , and Ph3 caused by mask 
sublimation due to lasers or other causes , and a chrome 
spot Crl and chrome extensions Cr2 and Cr3 which are 
5 unintended parts of the chrome layer that remain 
insufficiently etched. 

When a defect is detected, the comparator 36 
additionally detects the detected defect pattern' s central 
coordinates and the defect's size. It then calculates the 

10 defect pattern area. FIG. 6 describes a method of 
calculating a defect pattern area. This is a description 
of the method of calculating the defect pattern area for 
the chrome extension Cr3 shown in FIG. 5. When a defect is 
detected, its size and central coordinates are measured in 

15 the X-Y coordinate system. In the example of FIG. 6, 
values that include the following are calculated: the X 
size, which is the length in the X direction, is 4.5 yim, 
the Y size, which is the length in the Y direction, is 2.5 
pm, and the pattern's central coordinates are X: 5047. 750 

20 pm, Y:179.500 pm. From these is calculated the defect 
pattern area 70 which is formed by the area represented by 
two diagonal points A and B in FIG. 6. 

Here the reference data format is described. FIG. 
7 shows a multiple-block structure for reference data. As 

25 the diagram shows, reference data is made of a plurality 
of data areas , or blocks , shown in the X direction as 
segment numbers and in the Y direction as stripe numbers . 
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This array of blocks is mapped onto the entire pattern 
area of the subject 50. Each block contains the geometry 
definitions of one or more pattern features, together with 
sensitivity class codes allocated for individual pattern 
5 functions . 

The reference data extractor 37 extracts from the 
reference data shown in FIG. 7, for example, the block 
which contains the defect pattern area 70 that is shown in 
FIG. 6. Because the coordinates for A and B in FIG. 6 are 

10 calculated from the defect size and the pattern's central 
coordinates, by dividing them by the reference data's 
stripe and segment unit lengths, it is possible to 
calculate the location of a data block in the reference 
data that contains the defect pattern area 70. At this 

15 point the calculated reference data block is extracted. 
For example, in the case that the defect pattern area 70 
of chrome extension defect Cr3 shown in FIG. 6 has turned 
out to belong to the data block at segment 4, stripe 4, 
the reference data block 60 in FIG. 7 will be extracted. 

2 0 Next the operation of the defect registration 

determinator 38 will be described. First, based on the 
reference data block 60 that was extracted by the 
reference data extractor 37, the defect registration 
determinator 38 creates defect determination ranges. FIG. 

25 8 describes a method of creating defect determination 
ranges . Defect determination ranges are created in the 
extracted reference data block 60 by a shift process of a 
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designated amount that is performed on the features of 
pattern functions that have been differentiated with 
sensitivity class numbers. FIG. 8 shows pattern functions 
on which a 1-pm shift has been performed. As can be seen 
5 from this diagram, the shift operation displaces the 
outline of each pattern feature in all outward directions, 
thereby creating expanded regions . Defect determination 
ranges 81 and 82 are formed respectively for sensitivity 
class number "1," signal line 61, and for sensitivity 

10 class number "2," power supply line 62. 

Next the defect pattern area 70 as determined in 
FIG. 6 is combined with defect determination ranges 81 and 
82. FIG. 9 shows a combination of defect determination 
ranges and a defect pattern area, particularly the case in 

15 which the defect pattern area 70 overlaps both of the 
defect determination ranges 81 and 82 . During defect 
discrimination, a logical AND process is used to find the 
areas where the defect determination ranges 81 and 82 and 
the defect pattern area 70 overlap. Defect determination 

20 range 81, which corresponds to sensitivity class number 
"1" that has a higher inspection sensitivity, has priority 
and is AND processed with the defect pattern area 70. If 
the result is "1" (i.e., overlap is present), the defect 
represented by the defect pattern area 70 is registered as 

2 5 a defect that belongs to the defect determination range 
that corresponds to sensitivity class number 11 1." 

While in FIG. 9 the defect pattern area 70 
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overlaps both of the defect determination ranges 80 and 81, 
this is not always the case . If it did not overlap defect 
determination range 81 (that is, if the above AND process 
result was 11 0") , another cycle of logical AND process 
5 would then be performed on the next defect determination 
range 82 and the defect pattern area 70. Here, if the 
result is "1," the defect represented by the defect 
pattern area 70 will be determined to belong to the defect 
determination range 82, which corresponds to sensitivity 

10 class number "2." In this case, the inspection sensitivity 
allocated to sensitivity class number "2" will be 
referenced, instead of the one allocated to sensitivity 
class number "1," and if the defect size is smaller than 
the inspection sensitivity threshold, the defect will not 

15 be registered. 

Defect discrimination for all defects in FIG. 5 
will be described below. FIG. 10 shows a combination of 
the defects shown in FIG. 5 and the defect determination 
ranges and pattern functions shown in FIG. 8. Here we will 

20 assume the following sizes: pinholes Phi, 0.5 pm; Ph2 , 0.8 
pm; Ph3, 1.0 pm; chrome spots and extensions Crl, 1.0 pm; 
Cr2, 0.9 pm; Cr3 4.5 pm. Additionally the description 
will be based on sensitivity class number "1" having an 
inspection sensitivity of 0.5 pm, and sensitivity class 

2 5 number " 2 " having one of 1.0 pm . 

The defect pinhole Phi is only associated with 
defect determination range 81, whose sensitivity class 
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number is "1." Because the defect size is 0.5 \uh f which is 
at least as large as the inspection sensitivity threshold 
that is allocated to the range 81 f s sensitivity class 
number "1," it will be registered as a defect. 
5 The defect pinhole Ph2 is only associated with 

defect determination range 82 , whose sensitivity class 
number is "2." However, because the defect size is 0.8 \xm, 
which is smaller than the inspection sensitivity threshold 
of 1.0 pm that is allocated to sensitivity class number 

10 "2," it will be not registered as a defect. 

The defect pinhole Ph3 is only associated with 
defect determination range 82 , whose sensitivity class 
number is "2." Because the defect size is 1.0 pm, which is 
at least as large as the inspection sensitivity threshold 

15 that is allocated to sensitivity class number 2, it will 
be registered as a defect. 

On the other hand, because the defect chrome spot 
Crl is not associated with either defect determination 
range 81 or 82 , it will not be registered as a defect. 

2 0 The defect chrome extension Cr2 is only associated 

with defect determination range 82 , whose sensitivity 
class number is "2." However, because the defect size is 
0.9 *pm, which is smaller than the inspection sensitivity 
threshold of 1.0 pm that is allocated to sensitivity class 

25 number "2," it will not be registered as a defect. 

The defect chrome extension Cr3 has been described 
previously. It is associated with both defect 
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determination ranges 81 and 82 , which have different 
sensitivity class numbers "1" and "2," respectively. In 
this case, priority will be given to sensitivity class 
number "1," which has the higher inspection sensitivity 
5 (i.e., 0.5 pm) , and therefore, the chrome extension Cr3 
will be registered as a defect. 

In the description above, defects that were not 
associated with defect determination ranges 81 or 82 were 
not registered as defects. However, a sensitivity class 
10 number can also be appended to non-pattern function areas, 
and an inspection sensitivity value can be allocated to it. 
In that case, for example, if chrome spot Crl was at least 
as large as the allocated inspection sensitivity value, it 
would be registered as a defect. 
15 Defects determined to be defects by the defect 

registration determinator 38 in the manner described above 
will be recorded in the defect memory 39. 

Next an inspection method for the previously 
described inspection device 30 will be described using the 
2 0 flowchart of FIG. 11. The method proceeds according to the 
following steps : 

S10 : Generate reference data 

For each pattern function in the design data 
generate reference data that includes a sensitivity 
2 5 class code that is used to differentiate by means of 

inspection sensitivity . 
Sll: Set subject of inspection 
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The subject 50 of the inspection that could 
be a photomask, wafer, or other object is set on the 
stage 40a of the inspection device 30. 
S12 : Set inspection sensitivity 
5 Desired inspection sensitivities are 

allocated to the sensitivity class codes. 
S13: Scan Stage 

The stage 40a is driven under control of the 
inspection/drive controller 40, and the inspection 
10 begins from a designated location on the subject 50. 

S14: Acquire actual pattern 

The image acquiring unit 33 acquires, as an 
image, the actual pattern of the subject 50. The 
acquired image is converted to digital form, thereby 
15 generating the data to be inspected. 

S15 : Convert image of data to be inspected 

The image of the data to be inspected is 
converted to enable image data comparison with the 
reference data. 
20 S16: Read reference data 

A part of the reference data that corresponds 
to the acquired actual pattern is read out. 
SI 7: Convert reference data image 

The reference data image is converted to 
2 5 enable image data comparison with the data to be 

inspected. 
SI 8: Compare image data 
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The comparator 36 compares the reference data 
and the data to be inspected. During the comparison 
it references the inspection sensitivity settings 
that were set in Step S12 . If, as in FIG. 4, pattern 
5 functions having a plurality of differing sensitivity 

class numbers exist in the current inspection region 
of the reference data, defect detection will be 
performed using the smallest inspection sensitivity 
threshold. 

10 S19: Determine whether defect has been detected 

The result of the image data comparison in 
Step S18 is examined. If no defects have been 
detected, the method proceeds to Step S20. If it is 
determined that any defects have been detected, the 
15 method proceeds to Step S21. 

S20: Determine whether to terminate scanning 

The inspection/drive controller 40 determines 
whether the stage scan of the subject 50 has been 
completed. If it is determined that the scan has been 
20 completed, the inspection of the subject 50 will be 

deemed complete, and processing will terminate. If 
the scan has not been completed, the process returns 
to Step S13. 
S21: Extract reference data block 
25 Extract a data block that contains a defect 

pattern area, like the area 70 that is shown in FIG. 
6, from reference data like that shown in FIG. 7. 
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S22 : Calculate defect determination range 

As shown in FIG. 8, a shift process is 
performed on the features of the pattern functions 
that are differentiated by sensitivity class codes , 
5 thereby creating defect determination ranges . 

S23: Determine defect range 

As shown in FIG. 9, for example, the defect 
pattern area 70 is combined with the defect 
determination ranges 81 and 82 . Then it is determined 
10 whether the defect pattern area 70 belongs to defect 

determination range 81 or 82 . 
S24: Determine priority level 

If for example, as shown in FIG 9, the defect 
pattern area 70 belongs to a plurality of defect 
15 determination ranges 81 and 82, priority is 

determined by referencing the inspection 
sensitivities that are allocated to the pattern 
functions' sensitivity class codes. 
S25: Determine whether to register the defect 
20 Select either of the defect determination 

ranges 81 and 82 depending on the priority level 
obtained in Step S24. With reference to the 
inspection sensitivity that is allocated to that 
sensitivity class code, it is determined whether to 
25 register the defect. If a defect is to be registered, 

the method proceeds to Step S26; if none is to be 
registered, it returns to Step S20. 
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S26: Record defect 

According to the decision made in Step S25, 
the detected defect is recorded in the defect memory 
39. The process then returns to Step S20. 
5 In this manner it is possible to perform 

inspections using inspection sensitivities that correspond 
to pattern functions , This is done by appending 

sensitivity class codes, which are used to differentiate 
pattern functions by means of inspection sensitivity, to 
10 the reference data, and then allocating inspection 
sensitivities to the sensitivity class codes. 

With the present invention described above, it is 
possible to differentiate pattern functions by giving 
sensitivity class code to each pattern function in the 
15 reference data. Furthermore, it is possible to reduce the 
registration of defects that do not affect performance by 
setting the sensitivity class codes to desired 
sensitivities and determining the defects to be registered 
according to those sensitivities . Because it eliminates 
20 the time needed to repair defects that do not affect 
performance, this makes it possible to reduce the overall 
time from inspection to repair. 

The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 
25 numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 



-27- 



and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equivalents . 



